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The various functions that a wall performs in service can 
be simply stated. These functions may then be recognized as consi- 
derations in the design of a wall construction or in the analysis 
of the adequacy of a specific construction. 


Considerations in Wall Construction 


the following considerations are those which may apply 
to a wall construction. They may be divided into two classes: 
general considerations and special considerations. 


General Considerations: 


1. strength; 

2. control of heat flow; 

3. control of water vapour flow; 
4, inside finish; 

>. Outside finish. 


special Considerations: 


6. resistance to fire; 
7. resistance to sound transmission; 
8. aesthetic value. 


There is, in addition, the over-all consideration of cost 
which must he included in a complete analysis of a wall construction. 
The term cost nere is. invended to include not only the construction 
cost but also the cost of maintenance. Thus for comparative pur- 
poss the annusl cost of a construction is the most reasonable basis 
for comparison. 


All of. these considerations can also be applied to roof 
constructions including ceilings. In this note, however, only walls 
will be discussed. 

Devailed Considerations in Wall Performance 
1. Strength 


The first consideration is strength. The réquirement for 
strength can be broken down into two parts: 











a) Strength to support vertical loads. - 


Vertical loads are those which result from the 
weight of the roof and those which may result from snow, 
wind, water, and occupancy loads within buildings; 





b) Strength to support horizontal loads, - 


Horizontal loads are those commonly associated 
with wind and, depending on the direction of the wind 
relative to the structure, may produce transverse loads 
in some walls and racking loads in others. 


Strength is perhaps the most important consideration 
because in the development of building practice the essentials of 
shelter ere commonly provided by a sheathed wood-frame construction 
or a load-bearing masonry wall with a sheathed roof structure. 


The sheathed wood-frame construction and 8 inches of 
masonry have evolved as the elements which are the principal contri- 
butors to strength in house walls. For wood-frame construction 2 by 
4 studs at 16 inch centres are still used. This size of member and 
spacing was not developed on a calculated or scientific basis but has 
evelved as a result of experience. More recently 2 by 4 studs at 
24 inch centres are being used in single-storey houses and also 
lavger members are used at even greater spacings, as in post-and-beam 
construction. These developments have been the result of the 
availability of special sheathing materials and also, in part, from 
a better understanding of the strength requirements for walls through 
experience and laboratory tests. In the case of solid masonry walls 
there hes been little change. The use of hollow~-concrete block and 
clay tite as a back-up for brick has been introduced. There has been 
the interesting development of the SCR Brick for 6-inch thick load- 
bearing walls. The acceptance of this thinner structural wall has 
been relatively simple because standard test methods nave been 
developed along with a basis feor-evaluation; alithcugh it must be 
admitted that the basis for evaluation is largely thet of comparison 
with walls that have been used with apparent success. 


The big question that has to be ansvcrea from the point 
of view of strength is: "What is the minimum strength that a wall 
must have to co the job?" There is no ready answer to this question 
dut it is worth asking because it has economic implications. In 
general the less material there is in a wall the less it will cost. 
Therefore, in designing walls for strength and economy the material 
thet goes into a wall must be put to work in the best possible way. 


For example, the suggestion is sometimes made that it is 
wise to have two layers of insulating sheathing on a wall, one on the 
inside and one on the outside, vecause not only will it be stronger 
but it will provide insulation and a plaster base too. But this 
approach can be questioned because the structural strength is likely 














3 


to be overdone and the insulation requirement underdone. It is best 
to. consider one requirement at a time and provide for that require- 
ment in the most economical way. 


Control of Heat Flow 


The wood-frame wall and the masonry wall do not compare 
favourably when the matter of heat flow is considered. The standard 
wood-frame wall has a space for at least 34 inches of insulation and 
it has been .-hown that this thickness of insulation is economical for 
most regions of Canada. In order to provide this same thickness of 
insulation in a masonry wall it would be necessary to virtually build 
a wood-frame wall on the inside of a masonry wall. It is customary 
to use a lesser thickness of insulation on masonry walls placed bet- 
ween 2- by 2-inch furring strips. Thus about 14 inches of insulation 
is realized and in any strict comparison one should charge the masonry 
wall with the cost of providing the space for the insulation. This 
does not mean, however, that a masoniy wall with 14° inches of good 
insulating on it is not a good wall but by comparison with the .poss- 
ibilities for providing maximum (and economical) resistance to heat 
flow in a wood-frame wall it does fall somewhat short. 


If a substantial thickness of insulation is placed ina 
wood-frame wall the insulating value of any other materiais that may 
go into the wall can be ignored and they can be selected without con- 
cern for this. for example it would not make an appreciable differ- 
ence whether the sheathing material had any insulation value at all. 
Also for insulated masonry walls there need be little concern for the 
insulating value of the plaster or plaster base, 


Insulation is perhaps in the best position of any materials 
in wall construction from the economic viewpoint since substantial 
thickness can be purchased and installed at low-cost, and up to a 
point the annual cost of cee wall is reduced markedly over an unin- 
sulated wall. 


There is one weet of heat flow or heat loss from a wall 
that hes not been taken into account in the preceding comments. That 
aspect 18 the possibility of outside air being blown into walls and so 
displacing warmed air. It has been suggested that sheet materials 
apolied to the outside of a wall will reduce heat loss by decreasing 
the movements of air in and out of wall spaces, and that narrow boards 
and a lapped layer of sheathing paper will allow relatively free 
movement of air in and out of walls. There is not much evidence to 
support either suggestion. Experiments conducted in Norway indicate 
that kuilding papers with joints lapped tightly will provide a very 
large percentage of the total resistance to air flow in a wall con- 
struction. 


the Control of Water-Vapour Flow 


The principal means of controlling water-vapour flow into 
walls is by the application of vapour barriers on the warm side of 
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walis. This reduces the amount of water vapour that enters the walls. 
As an added precaution it is wise to consider the ease with which 
water vapour can leave the wall to the outside since vapour barriers 
are not perfect barriers. 


The selection of a vapour barrier may not be important from 
an. economic point of view since the applied cost of the best vapour 
barriers may be as low as 3 or 4 cents a quare foot. The difference 
in cost of membranes is small, so one might just as well have a good 
one to start with. 


The use of foil-backed wallboard is one means of combining 
this function with the interior finish, Foil-backed lath is question- 
able as a vapour barrier because of the great length of crack that 
results. 


We are often asked about the suitability of interior paints 
as vapour berriers. Here it can oniy be said that generally two or 
three coats of good oil, rubber base, or alkyd paints will orovide 
substantial resistance to water vapour flow. I suggest that they should 
only be used as vapour barriers where it is not practical or economical 
to use a membrane barrier,..- 


The damage in cerns of paint failure, damaged insulation, and 
rotting of materials that can result from the omission of vapour bar- 
riers, or a poor installation, could certainly result in costs amount - 
ing to many times the cost of a membrane ‘barrier, ang 


interior Finish 


the function of the interior finish can be seaced fairly 
simply as “tne provision of a paintable, cieanable, and curable sur- 
face". ‘I'ne problems are all famiiiar - plaster cracking, and popping 
of nails and joint-filising provlems in -dry-wall construction. ‘tne 
selection of an inverior finish is ofven a matter of personal choice 
and there appears to be few vechnical considerations that suggest any 
genera. acventage among materials used in the average house. 





Exterior Finish 

The functiors of the exterior finish are severel. It should 
shed rain and snow, and may in some wells provide resistance to the 
entry of wind. It should be durable under the conditions of exposure 
and should have dimensional stability over a similar range of condi- 
tions. It should not provide a barrier to the movement outward of 
water vapour that may move through or by-pass the vapour sSarrier. 
Pinally the exterior finish should provice a pleasing aposarance. 


In wood-frame walls, including het eles veneer construction, 
the sheathing paper is the element of the exterior fi See which is 
likely to provide the greatest resistance to water-vaocur flow. Tne 
principal purpose of the sheathing paper is to keep liquid water and 
air out of the wall. Thus, a membrane should be selected that will 
sued water and at the same time pass water vapour. Sheathing papers 
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ares in fact, represénted by the common - saturated building papers that: 
are familiar to all. Unfortunately some manufacturers ‘try.to make their 
products. too water eo neene and, ‘by. so. eene: ‘make. them tao resistant. 
‘tO water. vapour flow. 


Stucco and brick venee> sidings are ‘ait fairly = meable to 
water vapour flow. Painted wood sidinis do not meet’ this function very 
well because, as was previously mentioned, a paint film will. provide 
a substantial résistance to vater-vapour flow. Many have. discovered 

this to their loss, as paint blistering is no stranger in. the building — 
scene. However, in most houses the sicuation is not. serious: since. “the: 
‘Siding is lapped: so that. the wall.can breathe outward through. the. ae 
cracks between boards. The outward movement of water vapour. is prob-. | 
ably pee none e es for much of the a failure that is penorteds ae ca 


out of walls is perhaps the moet. aceetens “consideration tin the 
suse Decors of Walt performance. Water will cause materials: to 


san becance of rot. or ipededtn, action, The exclusion of 
already been mentioned as a factor in connection with heat los. 
is: certainly a factor which can contribute to wall leakage. wal 
much more» susceptible to leakage during wind aren rain than th 
to rain without wind. ; on 


In our efforts 60 prevent ‘wall leakage there has been a 

i adenee toward the sealing of the cxterior wall. surfaces to ory: to. 

“procuce -a moisture-impermeable surface, The perfect sealing of at 
surface is almost impossible since fine cracks and joints that cannot » 
be. seen will allow the passage of water whether it is wind driven. ORS 
not. It then becomes necessary to consider the best possible means’: 
of protection. for the various:elements of the wall. For example. 5 on See a 

 construeting the wall in two compo..ents; inner and outer, there will. 
be a much better chance of improving. over-ail wall performance. ‘The 
inner component can contain the structural, insulation and interior 

“finish elements, and the outer. comnonent can serve simply as a weather — . 
sereen in respect to rain penetrav™.on. This prcposal will be recog- 

nized as typical of a cavity-wall construction. or the standard brick- 

- VSnee hc hs truceton, To provide the maximum procection against the 
entry of weter into the wall the cavity behind the exterior finish  — 
should. be freel y drained and ventilated so that wind action trey have 

a minimum effect on wall leakage. It may thus be possible to reduce ~ 

“the possibility of damage to walls sue to water penetration to that 
which may occur as a result of the absorptive properties of the ex«- 
terior cladding when a film of water exists on its surface. Dimen- 
sional stability with variation in aoisture content and temperature 
and resistance to deterioration due to freeze thaw action wouic still 
be required of claddins materials as now, but the function of the 
cladding would not be so directly associated with the over-all per- 
formance of the whole wall. 








Wood or stucco clad.walls ‘can be built on a similar basis 
by applying these materials on furring strips placed over the sheathing 
_ paper Stuece finishes would require a backing which need only function 
during the application process. No great difficulty would occur with 
“wood or other sheet sidings. Vertical furring strips provide natural 
ventilation channels anc horizontal furring strips can be gapped or 
notched. to allow drainage and ventilation, 




































